INTERNATIONAL APPUCATIO: 



INTELLECTUAL PkOPisRTY' OKGANViZATTON 
v International Bureau 



LISHEP UNDER THE PATENT COOPERATION TREATY (PCT) 




(51) International Patent Classi0cation 6 : 
G07C 3/00, G01M 13/00 



Al 



(11) International Publication Number: WO 98/01831 

(43) International Publication Date: 15 January 1998 (15.01.98) 



(21) International Application Number: PCT/SE97/01221 

(22) International Filing Date: 4 July L997- (04.07.97) 



(30) Priority Data: 
, 9602694-3 



5 July 1996 (05.07.96) 



SE 



(71) Applicant (for all designated States except US): SPM INSTRU- 

MENT AB [SE/SE]; P.O. Box 4, S-645 21 Strangnas (SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): ARONSSON, Carstcn 
[SE/SE]; Tjadcrvagen 6. S-645 42 Strangnas (SE). 

(74) Agents: ANDERSSON, Michael ct al.; H. Albihns Patentbyra 
AB, P.O. Box 3137, S-103 62 Stockholm (SB). 



(81) Designated States: CN, JP, US, European patent (AT, BE, CH 
DE f DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE>. 



Published 

Wish international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CONDITION ANALYZER 



-no 



100 



90 ,20 



32 



J20 f 130 70. 




(57) Abstract 

The invention relates to a method for evaluating the condition of a machine (100) with a measuring point (90), which method is 
performed by a movable analysis apparatus (30). The method comprises the steps of producing a condition value, by means of measuring at 
the measuring point, which condition value is dependent on the actual condition of the machine, and storing the condition value in a writable 
information carrier (120) which is placed by, or in the vicinity of, the measuring point (90) so that the condition value subsequently can be 
used as a reference condition value. The invention further relates to an apparatus for performing the method and a device for co-operating 
with the analysis apparatus and for mounting by a measuring point on the machine (100). 
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Technical field 

The present invention relates to a method for generating a condition value for 
a measuring point on a machine having a measuring point, and a system for 
performing the method. 

State of the art 

Machines with moving pans"are subject to wear with the passage of time, which 
often causes the condition of the machine to deteriorate. Examples of such machines 
with movable parts are motors, pumps, generators, compressors, lathes and CNC- 
machines. It is known to, more or less regularly, investigate the operating condition 
of such machines. The operating condition can be determined by measuring the 
amplitude of vibrations in the bearings and by measuring temperature changes on 
the casing of the machine, which temperatures are dependent on the operating 
condition of the bearing. Such condition checks of machines with rotating or other 
moving parts are of great significance for safety and also for the length of the life of 
such machines. It is known to perform such measurements on machines completely 
manually. This ordinarily is done by an operator with the help of a measuring instru- 
ment performing measurements at a number of measuring points on a machine. The 
measuring data obtained by means of the measuring instrument for each measuring 
point is noted down on a pre-printed formula. For a machine it can be necessary to 
have a number of measuring points in order to later be able to determine the overall 
operating condition of the machine. For example, three measuring points are often 
used for the measurement of vibrations of a motor, in such a way that the vibrations 
are measured in three mutually perpendicular directions, i.e. in the X-direction, in 
the Y- direction and in the Z-direction. The operator must note down each measured 
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value on the formula. It is furthermore necessary for the operator to evaluate the 
measured values so that he can make a judgement on whether the measured ampli- 
tude measurement values indicate a change for a measuring position so that the 
machine can be serviced if thejaeasured values indicate wear. This places a large 
5 demand on the professional knowledge of the service personnel of which vibration 
.and temperature measurement values are acceptable and which measurement values 
are not acceptable. 

In order to identify damage to bearings it is known to use a shock impulse measur- 
1 0 ing apparatus by means of which damage to bearings can be determined in machines 

with rotating machine parts. In order to perform such measurements at a measuring 

point, the diameter of the shaft and the rotational speed of the shaft are set on a 
...measuring scale. These values, which are set by hand, function as a reference level. 

If the measured values measured by means of the measuring instrument are greater 
15 than the reference level, this can be indicated by means of a warning lamp or by 

means of a sound signal. 



It is known from EP-0 194 333 to provide each measuring point with identity data 
which is automatically readable by means of a separate reading probe. EP-0 194 333 
also describes that the characteristic data values for the measuring point are readable 
at the measuring point so that the above described reference value can be generated 
automatically. The reference value is consequently calculated in a standardized and 
unambiguous way from the characteristic data values. Consequently, according to 
this known technique, the one and the same reference value is valid for all bearings 
with a certain shaft diameter and a certain rotational speed. 

EP-0 21 1 212 describes a measuring instrument for detecting and evaluating data 
representative of the condition of a machine. The described measuring instrument 
has a measuring probe which is combined with a sensor probe for reading a 
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measuring point code, whereby the measuring probe and the code sensing probe 
are provided in a common mobile casing. 

Disclosure of the invention ^ 

The problem which is to be solved by means of the present invention is to provide 
a method which permits an increased accuracy in detecting changes of the condition 
of a machine. 

This problem is solved according to the invention by means of a method for 
evaluating the condition of a machine with a measuring point, which method is 
performed by a movable analysis apparatus comprising the steps of: 

- producing a condition value, by means of a measurement at the measuring point, 
which condition value is dependent on the current condition of the machine; and 

- storing the condition value in a writable information carrier (120) which is placed 
on, or in the vicinity of the measuring point 90 so that the condition value subse- 
quently can be used as a reference condition value. 

According to a preferred embodiment, the reference condition value is produced 
depending on a measured value, such as a vibration measured value measured in 
connection with the final inspection of a newly manufactured machine, and on re- 
levant interpreting information, such as shaft diameters and rotational speeds for 
a rotatable shaft on a machine. With the object of providing a determination of 
whether some measurable condition change is present, a method according to the 
invention is performed which comprises the steps of: 

a) producing a condition value, which condition value depends upon the actual 
condition of the machine at the measuring point; and of 

b) acquiring a reference value, indicating the condition of the machine at the 
measuring point at an earlier time point, from an information carrier which is placed 
by, or in the vicinity of the measuring point. 
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Description of th&jliawjllgs 



In order to make the present invention easy to understand and produce, it will be 
described with reference to the appended drawings: 

Fig. 1 shows a schematic block diagram of an embodiment of a condition 
analyzing system according to the invention. 

Fig. 2 A shows an embodiment of a sensor unit which comprises an interface for 
communication with an information carrier at a measuring point. 
Fig. 2B shows an embodiment of a device at a measuring point comprising an 
information carrier and an interface for communication with the interface according 
to Fig. 2A. 



Preferred embodiment 

Fig. 1 shows a schematic block diagram of an embodiment of a condition analyzing 
1 5 system 1 0 according to the invention. The condition analyzing system comprises a 
sensor unit 20 for producing a measured value dependent on movement and, more 
precisely, dependent on vibrations. 



The sensor unit 20 is connected to an analysis apparatus 30 via a conductor 32. The 
20 analysis apparatus 30 comprises a non-volatile memory 40, a microprocessor 50 and 
a read/write memory 60. A computer program is stored in the read memory 40, and 
by means of this computer program the function of the analysis apparatus 30 is 
controlled. When it is written below that the microprocessor 50 performs a certain 
function, it shall be understood that the microprocessor runs a certain part of the 
25 program which is stored in the memory 40. 

The microprocessor 50 is connected to a display unit 62. By means of the display 
unit 62 a user of the condition analyzing system is informed of the condition of 
the current measuring point in clear text. The production of a condition value is 
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described more closelybelow. The display arrangement can comprise, on the one 
hand a screen, on the other hand a printer unit, so that the user can have the condi- 
tion value from the measuring point printed out if so desired. 

According to a preferred embodiment the analysis apparatus 30 comprises a screen 
62 on which relevant information is shown during the measuring, and a diskette 
station 64 in which a diskette is introduceable. In this way the user with the help of 
the analysis apparatus 30 collects the condition values for a plurality of measuring 
points and save all the information on a diskette removably introduced into the 
diskette unit 64. The microprocessor 50 is further connected to an information port 
66, by means of which the apparatus 30 can be connected to a separate information 
processing unit. 

The analysis apparatus 30 is equipped with an interface 70 for the exchange of data, 
with a device 80. When the system is operative, the device 80 is firmly mounted on 
or at a measuring point 90 on a machine 100 with a movable part 1 1 0. A measurinE 
point can comprise a connection coupling firmly attached to the casing of the 
machine to which the sensor unit is removably attachable. The connection coupling 
can, for example, be formed of a bayonet coupling. A measuring point can com- 
prise a threaded recess in the casing in which the sensor unit is screwable. In the last 
case the sensor unit 20 comprises corresponding threads so that it can be introduced 
into the recess like a screw. 



Alternatively, the measuring point is marked on the casing of the machine only with 
a painted mark. 

The machine 100 exemplified in Fig. 1 has a rotating shaft 1 10 with a certain shaft 
diameter d,. Shaft 1 10 in the machine 100 rotates at a certain speed of rotation V, 
when the machine is in use. 
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The apparatus 80 comprises an information carrier 120 which is equipped with in- 
formation on the identity of the measuring point and interpreting information. The 
information carrier is furthermore equipped with at least one condition value K« f 
which can be used as reference for determining a possible change in the condition. 

The identity information can be formed of, for example, the identity number of the 
measuring point or of a data string which identifies both the machine 100 and the 
measuring point 90. The machine 100, which is only partly shown in Fig. 1, can 
comprise a number of measuring points and a number of moving parts so that the 
condition of different pans of the machine can be determined individually. The 
interpretation data stored in the measuring point device 80 can comprise a first 
computer word indicating the above mentioned shaft diameter d, and a second 
computer word indicating the speed of rotation V,. The information carrier 120 is 
connected to an interface unit 130 for exchanging information with the interface unit 
70 of the analysis apparatus 30. An operator transports the portable analysis appara- 
tus 30 to the measuring point for which the condition value is to be determined and 
attaches the sensor unit 20 to the measuring point 90. According to one embodiment 
the sensor unit 20 is provided with a change-over switch (not shown) which closes 
in dependence of the sensor unit being brought into contact with the measuring 
point 90. When the change-over switch closes, an activating signal is produced 
which, via the bus 32 is delivered to the microprocessor 50 and thereby activates the 
microprocessor to perform an analysis routine. An actual condition value is deter- 
mined by the analysis routine, and a reference value K« f acquired from the informa- 
tion carrier 120. The reference value K ref indicates the condition value for the indivi- 
dual machine for the same measuring point at an earlier point of time. The reference 
value K ref is stored in the information carrier in the same way as described below. 

When the machine is new from the factory or when a bearing for a rotatable shaft 
1 10 is renovated or exchanged, a condition value K ref for each measuring point 90 
of the machine 100 is determined. 
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The condition reference value for the measuring point is determined according to 
a preferred embodiment by producing a measured value indicating the vibration or 
temperature of the machine at the measuring point and, in a known way, with the 
help of interpretation information, such as shaft diameter and speed of rotation of 
the shaft, transforming the measured value into a condition value. Because this 
condition value K^f is produced when the corresponding machine part is new or 
newly renovated, possible later condition changes can be advantageously deter- 
mined by comparison with the reference K ref . 

When the apparatus 30 is used to produce the reference condition value K^, a key- 
board is connected to the information port 66 and the microprocessor is instructed 
to perform a reference-producing routine. The reference-producing routine involves 
the microcomputer 30 acquiring a measuring value from the sensor unit 20 and the 
display unit 62 showing a request for the operator to input the interpretation infor- 
mation which applies for the measuring point. 

The interpretation information can be inputted, for example, via the. keyboard or by 
means of a diskette which is introduced into the diskette station 64. 

The microcomputer calculates the actual condition value K ref indicating the condi- 
tion of the individual measuring point depending on the measured value and the 
inputted interpretation information. 

Both the condition reference value K ref and the inputted interpretation information 
determined in this way are delivered to the information carrier 120 via the interface 
70. 



Alternatively, the interpretation data as well as the reference value K^f can be 
delivered to the diskette unit 64 or the display unit/screen 62 in order to be inputted 
to the information carrier 120 in another way. 
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According to a preferred embodiment of the invention the device 80 comprises 
a readable and writable memory 120 which can exchange information in both 
directions with the interface 130. According to one embodiment the device 80 
comprises a photoelectric cell which provides the power supply to the memory 120 
5 and the interface 130. 

Because the device 80 in the above described way is applied with a condition 
reference value which is individual for the machine and for the measuring point, 
later condition measuring can give advantageously accurate indications about 

10 changes in the condition/This means that the analysis apparatus does not have to 
be provided with any information at all about the machine or its measuring point, 
and despite this it is still possible to achieve an accurate evaluation of whether anv 
changes in the condition have occurred. This is of considerable advantage, for 
example, during the checking of the condition of machines fixed to the floor in a 

1 5 large manufacturing industry, where the number of machines and measuring points 
is very large. It further provides a very good security as the risk of mixing of the 
data in a data base is eliminated by the reference condition value being stored 
directly at the measuring point, 

20 A method for determining a possible change in the condition is usually performed 
with a certain regularity by maintenance personnel. A first example of when such a 
process can be performed according to the invention, is when a machine has just 
been installed after delivery. In this situation there is already a condition reference 
value in the information carrier which has been generated and stored there in 

25 connection with the final inspection at the manufacturer of the machine. 

When the installator has just installed the machine, the process is performed for 
determining a possible change in the condition with the purpose of verifying that 
the installation is correct and that the condition of the machine has not deteriorated 
30 during the transport from the manufacturer. 
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The method comprises the steps of: 

- producing a measured value which depends on a movement of the machine; 

- acquiring interpretation information from an information carrier which is mounted 
by the measuring point; 

5 - producing an actual condition value, indicating the actual condition of the 
measuring point on the machine, dependent on the measured value and the 
interpretation; 

- acquiring a second condition value, indicating the condition of the measuring 
point at an earlier point of time, from the information carrier; 

10 - producing a relation value dependent on the actual condition value and the second 
condition value, which relation value indicates a change in the condition. 

This process can be performed by the microprocessor 50 by it running an analysis 
routine which is stored in the memory 40. 

15 

The analysis routine comprises the step of the microprocessor 50 requesting 
measured values from the sensor unit 20. According to one embodiment of the 
invention the sensor unit comprises an accelerometer 140 with a piezo-electric 
element. When the measuring point 90 vibrates, the sensor unit 20, or at least a pan 

20 of it, also vibrates and the accelerometer 140 then produces an electrical signal of 
which the frequency and amplitude depend on the mechanical vibration frequency 
and the vibration amplitude of the measuring point 90, respectively. The electrical 
signal is delivered to the analog-digital converter 34 which with a certain sampling 
frequency f s converts the analog signal to consecutive digital words in a known wav. 

25 The microcomputer 50 stores a series of digital words which correspond to a time 
sequence of the electrical signal in the memory 60, and then performs an analysis 
of the signal sequence, whereby the frequency and amplitude of the signal is deter- 
mined. Consequently, a measured value for the vibration amplitude A v and the 
vibration frequency f v is determined. The microcomputer then takes the inter- 
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preiation information and the reference value K« r from the device 80 by reading 
information from the interface 70. 

According to one embodiment, the interface 130 on the device 80 comprises an 
opto-transmitter which transfers data serially to the interface 70 in the form of 
_trains of pulses of infrared light. 



is 



The device 80 can be activated depending on an information request which 
received via the interface 130. Alternatively, the device 80 comprises a detector 
element which senses if the sensor unit.20 is applied to the measuring point 90 and 
then activates the device 80 to send information to the interface 130. 

,In this way the microcomputer receives information on the identity of the measuring 
point and interpretation information, such as the diameter value d, and the rotational 
speed value V,. 

With knowledge of the interpretation information d, resp. V,, each measured vibra- 
tion amplitude value A v can be easily converted to an actual condition value K,. A 
predetermined interpretation algorithm is stored in the memory 40 and starting from 
an amplitude value Av and interpretation information, such as d, and V,, the micro- 
computer produces a corresponding condition value K a dependent thereon. Such an 
interpretation algorithm is based on an embodiment of a method for producing a 
condition value described in the Swedish Laid-Open Document 339 576. 

According to one embodiment, the interpretation algorithm is based on the machine 
classification standard ISO 2954. 



The actual condition value K a produced and the reference condition value K« f 
acquired from the information carrier 120 are delivered to the screen 62 so that the 
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operator can judge if the two values correspond. If is essentially similar to K refs 
the condition is essentially unchanged. If there is a discrepancy berween the two 
values, then this indicates that the condition of the machine has changed. 

Because the actual condition value Ka according to the invention can be compared 
. with an earlier measured condition value for the same measuring poinL an 
extremely accurate indication of changes is achieved. In this way, advantageously 
well-judged decisions can be made on when maintenance is required, which in turn 
leads to that the life length of the machine can be increased. 

According to a preferred embodiment the microcomputer produces a relation value 
in dependence of the acrual condition value K a and the reference condition value 

By dividing the value with the reference K« f , a relation value is achieved which 
gives a percentage change of the condition of the machine part or parts to which the 
measuring points relate. According to another embodiment the relation value is 
produced as the difference between the value K a and the reference K ref . 



Printed from Mimosa 02/10/28 12:33:24 Page: 13 



WO 98/01831 _ n ^, or , rt 

PCT/SE97/01221 

Claims 



1. Method for the evaluation of the condition of a machine (100) with a measuring 
point (90), which method is performed by a movable analysis apparatus (30), 
comprising the steps of: 

^ producing a condition value by means of measuring at the measuring point, said 
condition value being dependent on the actual condition of the machine; 
characterized by storing the condition value in a writable information carrier (120) 
which is placed by, or in the vicinity of the measuring point (90) so that the condi- 
tion value subsequently can be used as a reference condition value. 

2. Method according to Claim 1, characterized by 
producing a measured value; 

- acquiring interpretation information (d,, V,); 

- generating the condition value dependent on the measured value (A v ) and the 
acquired interpretation information (d u V,). 



3. Method according to Claim 1 or 2 ? characterized in that the measured value 
indicates a movement, such as a vibration movement, of the machine. 

4. Method according to any of the previous claims, characterized in that the 
interpretation information (d h V,) corresponds to the technical type values for 
the machine or a part of the machine. 

5. Method for evaluation of the condition of a machine (100) with a measuring 
point (90), comprising the steps of: 

a) producing a condition value, said value being dependent on the actual condition 
at the measuring point, 
characterized by 
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b) acquiring a reference value, indicating the condition of the machine at an 
earlier point of time, from an information carrier (120) which is placed by, or 
in the vicinity of, the measuring point (90). 

6. Method according to Claim 5, comprising the step of: 

c) producing a relation value dependent on the actual condition value and the - 
reference value. 

7. Method according to Claim 5 or 6, characterized in that step a) comprises 
the steps of: 

al) producing a measuring value by means of a measuring at the measuring point; 
a2) acquiring interpretation information from the information carrier (120); 
a3) generating the actual condition value (K) dependent on the measured value (A v ) 
and the interpretation information (d,, Vj). 

8. Method according to Claim 5 or 6 ; characterized in that the condition value is 
produced directly be means of measuring at the measuring point. 

9. Method according to any of the previous claims, characterized in that 

- the communication between the analysis apparatus and the information carrier 
is performed by means of radio communication or by means of optical transmitters 
and optical receivers. 

10. Analysis apparatus for evaluation of the condition of a machine (100) with a 
measuring point (90), which apparatus comprises: 

- a sensor means (20) for producing a measured value (A v ) dependent on a 
movement of the machine; 

- a communication means (70;66;64) for receiving interpretation information 
specific to the measuring point; 
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- an information processing means (50,40,60) for producing a condition value, 
whereby the information processing means (50,40,60) co-operates with the com- 
munication means (70;66;64) and the sensor means (20) so that the information 
processing means produces a condition value (KjK^), dependent on the measured 
value and the interpretation information, indicating the actual condition of the 
machine, characterized in that the communication means comprises an interface 
means (70) which is arranged to transmit the condition value (K^) to a writable 
information carrier (120) by, or in the vicinity of, the measuring point (90) so that 
it can be used as a locally stored individual condition reference value. 

1 1. Analysis apparatus for evaluation of the condition of a machine (100) with 
a measuring point (90), which apparatus comprises: 

..r a sensor means (20) for producing a measured value (A v ) dependent on a move- 
ment of the machine; 

- a communication means (70;66;64) for receiving interpretation information 
specific to the measuring point; 

- an information processing means (50,40,60) for producing a condition value, 
whereby the information processing means (50,40 ? 60) co-operates with the commu- 
nication means (70:66;64) and the sensor means (20) so that the information pro- 
cessing means dependent on the measured value and the interpretation information 
produces a condition value (KiK^) indicating the actual condition of the machine: 
characterized in that 

- the communication means comprises an interface means (70) which is arranged 
to acquire a condition reference value indicating the condition of the machine at the 
measuring point at an earlier point of time, from an information carrier (120) placed 
by. or in the vicinity of, the measuring point (90). 

12. Analysis apparatus according to Claim 10 or IK characterized in that 

the interface means (70) is capable of both receiving and transmitting informa- 
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13. Analysis apparatus according to Claim 10, 11 or 12, characterized in that 

- the sensor means (20) is movably connected to the information processing 
means. 

5 14. Analysis apparatus according to Claim 13, characterized in that 

_ the interface means (70) and the sensor means (20) are integrated in a common 
' casing. 

15. Analysis apparatus according to Claim 12, 13 or 14 when dependent on 
] 0 Claim 1 1 , characterized in that 

- the information processing means (50,40,60) by means of the communication 
means (70) is arranged to acquire the reference condition value, indicating the 
condition of the measuring point at an earlier point of time, from the information 
--carrier; and that 

15 - the information processing means (50,40,60) is arranged to produce a relation 
value dependent on the actual condition value and the reference condition value, 
which relation value indicates a changing condition. 

16. Analysis apparatus according to any of Claims 10-15, characterized in that the 
20 analysis apparatus is arranged to generate the condition value in accordance with a 

predetermined algorithm. 

17. Analysis apparatus according to any of Claims 10-16, characterized in that the 
analysis apparatus is a portable unit. 



18, .Analysis apparatus according to any of Claims 10-17, characterized in that 

- the interface means (70) is adapted to communicate with the information carrier 



25 



by means of radio communication or by means of optical senders and optical 



receivers. 
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19. Device for co-operating with an analysis apparatus according to any of Claims 
1 0- 1 8, and for mounting at a measuring point on a machine ( 1 00) with a movable 
part (110), which device comprises: 
a communication carrier ( 120); 

- interpretation information, stored on the information carrier, which defines 
technical type values for the machine and/or the movable pan in such a way that an 
actual condition value is able to be generated depending on an actual measured 
value when the measured value is interpreted in combination with the interpretation 
information; 

- a communication means (130) for co-operating with the analysis apparatus, 
which, dependent on an activating signal, reads interpretation information from the 
information carrier and delivers this information to the analysis apparatus; whereby 

- the information carrier is provided with a reference condition value indicating 
the condition of the measuring point at an earlier point of time: and 

the communication means, dependent on the activation signal, reads the 
reference condition value from the information carrier and delivers this to the 
analysis apparatus thereby enabling the generation of a relation value indicating 
a changed condition. 

20. Device for co-operating with an analysis apparatus according to any of Claims 
10-18, and for mounting at a measuring point on a machine ( 1 00) with a movable 
part (110), which device comprises: 
an information carrier (120); 

interpretation information, stored on the information carrier, which defmes 
technical type values for the machine and/or the movable part in such a way that 
the actual condition value is able to be generated dependent on an actual measured 
value when the measured value is interpreted in combination with the interpretation 
information; 

characterized in that the information carrier comprises a writable memory means 
so that storing of a local reference condition value is made possible. 
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21. Device according to Claim 20, characterized by 





the communication means (130) for co-operating with the information carrier 



with the analysis apparatus (30) by means of radio communication or optical 
transmitters and optical receivers. 

23. Device according to Claim 19 or 21, characterized in that 

the communication means (130) comprises contact means for ohmic contact 
between the information carrier (130) .and the analysis apparatus (30 ? 70). 

24. Device according to any of Claims 1 9-23, characterized in that 

the information carrier is adapted to be rigidly mounted on a machine. 



(120) and for communicating with the analysis apparatus (30). 



22. Device according to Claim 19 or 21, characterized in that 

the communication means (130) comprises a transceiver for communicating 
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